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Additions to Targets Are Encouraged 



The learning activities and practice problems in Targets for Learning: Applied Mathematics 
were written by teachers, industry trainers, and industry employees. Targets was designed 
for use by both teachers and trainers who were educated to teach math and those who were 
not. In fact, Targets was intentionally published in a three-ring notebook format so that 
additional practice problems and learning activities can be integrated. As a user of Targets, 
you are encouraged to submit problems and activities that can be used in future editions of 
this book. In addition, your comments about the book’s content are welcome. Submit 
suggestions and/ or learning content to Targets for Learning, Vocational Instructional 
Materials Laboratory, 1900 Kenny Road, Columbus, Ohio 43210. 



Notice to the Reader 

The publisher makes no representation or warranties of any kind and shall not be liable for 
any special, consequential, or exemplary damages resulting, in whole or part, from the 
readers’ use of or reliance upon this material. 

Instructors are granted permission to photocopy the problems, learning activity worksheets, 
and tests for classroom use. No other part of this publication may be reproduced in whole 
or in part, or stored in a retrieval system, or transmitted in any form or by any means, 
electronic, mechanical, photocopying, recording, or otherwise, without permission of 
the publisher. 



Disclaimer 

Practice problems contain the names of fictitious businesses and individuals. Any similarity 
to real businesses or persons is unintentional. The publisher and sponsors are not responsi- 
ble for any such similarities. 



As equal opportunity employers and service providers, it is the policy of the U.S. Department of Labor, the U.S. 
Department of Education, and The Ohio State University and supporting agencies to offer educational 
activities, employment practices, programs, and services without regard to race, color, national origin, sex, 
religion, disability, or age. 

This publication is based on work that was sponsored by the Ohio School-to-Work Office and funded by the 
U.S. Department of Labor. The contents do not necessarily reflect the views of the U. S. Department of Labor 
or any other governmental agency. 

© Copyright 1998, Vocational Instructional Materials Laboratory. All rights reserved. 
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Targets for Learning: Applied Mathematics was developed as part of an Ohio School-to- 
Work Partnership Prototype Grant. The project’s goal was to develop resources that 
teachers and trainers could use to help learners improve their ability to apply problem- 
solving skills in the workplace. The practice problems and assessments were originally 
written by integrated teams of academic and vocational teachers in Cleveland Public 
Schools under the title of Work-Based Intervention Strategies Kit (WISK). The WISK 
problems were enhanced by project writers and supplemented with suggested 
instructional strategies. The instructional strategies and practice problems have been 
patterned after those of the ACT Work Keys System. Gains in skill levels can be 
measured by Work Keys assessments and/or the assessments provided in this book. 

During the project, both Targets for Learning: Applied Mathematics and Targets for 
Learning: Applied Technology were written by teachers and industry representatives; 
piloted by vocational teachers, applied academics teachers, and industry trainers; and 
modified to reflect the knowledge gained during piloting. Both books are distributed 
by The Ohio State University’s Vocational Instructional Materials Laboratory (V1ML), 
which is part of the Center on Education and Training for Employment. The sales 
office can be reached by calling 800/848-4815 or faxing 614/292-1260. 

In addition, the Vocational Instructional Materials Laboratory provides instruction and 
coaching to teachers and trainers, which prepares them to effectively use these 
materials. For further information, contact the VIML directly at 800/848-4815 or 
614/292-5001. 




Many people have devoted their time and talents to help make this book a useful 
resource for educators and trainers who wish to give learners opportunities to solve 
authentic math problems. 

Professional Staff 

Sheri E. Bidwell, Educational Consultant, Project Coordinator and Author 
Deborah Bingham Catri, Ph.D., YIML Director 

Writers 

Jerri Cooperrider, Applied Mathematics Teacher, Licking County Joint Vocational School 
Robert Cyders, former Applied Mathematics Teacher, Ashland High School 

Mary Durkin, Applied/ Correlated Mathematics Teacher, Pioneer Career and 
Technology Center 

Greg Fown, Quality Engineer, Meritor, Inc. (formerly Rockwell International) 

Margaret Hall, Applied Mathematics Teacher, Ashland High School 

Patricia Handelman, Basic Skills Coordinator, Licking County Joint Vocational School 

Tammie Hedglin, Human Resources Development, Diebold, Inc. 

Dorothy Little, Principles of Technology Teacher, Greene County Career Center 
Marna Lombardi, Equity Consultant, The Ohio State University and Engineer 
D. Waid Lyons, Agri-Technology Teacher, Miami Valley Career Technology Center 
David Pettit, Petroleum Engineer, Bayer Corporation 

Nyssa Tucker, Applied Mathematics Teacher (formerly with Ashland High School) 

Pilot Teachers and Trainers 

Martha Blowers, ONOW and PET Instructor, Licking County Joint Vocational School District 

A1 Carelli, Diversified Industry Trainer, Licking County Pre-Employment Training (PET) 
Program for business and industry in Licking County, including Hendrickson Auxiliary 
Axle Systems, Diebold, Inc., Holophane Company, and Meritor, Inc. (formerly 
Rockwell International) 

Jerri Cooperrider, Applied Mathematics Teacher, Licking County Joint Vocational School 
Dave Geiger, Automotive Technologies Teacher, Licking County Joint Vocational School 
Patricia Handelman, Basic Skills Coordinator, Licking County Joint Vocational School 
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APPLIED 

MATHEMATICS 

TARGETS 
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LEARNING 



ABOUT 

APPLIED MATH 




Targets for Learning: Applied Mathematics was developed for teachers and industry trainers 
seeking strategies for preparing people to solve math-related problems in the workplace. 

The following explanation will help you to understand what this resource is all about: 

® Targets for Learning was written for both math and non-math teachers. In other 
words, you don’t need to have formal training in math to make full use of this book. 
However, even formally trained math teachers will find value in this book’s practical 
focus on workplace applications. 

® The skills addressed in Targets for Learning: Applied Mathematics are meant for all 
learners — not just those who are studying in technical areas (e.g., diversified health 
occupations, mechanics, manufacturing, business, graphics, construction). At home and 
at work, almost everyone encounters and needs to solve math-related problems. A few 
such challenges are balancing a checkbook, computing the tax on a sale, ordering 
materials, calculating cycle time, budget planning and reporting, and selecting the best 
buy from a range of options. 

® Targets for Learning supports what instructors are already doing by offering ideas 
and materials for achieving their current goals and objectives. It is not a new program 
or a new curriculum — it is a resource that complements existing instructional efforts. 
Targets for Learning is not meant to be a complete curriculum. Instead, it supplements 
the curriculum by giving educators and trainers a wide variety of practice problems to 
use as needed. The problems can be used to reinforce basic skills, introduce problem- 
solving skills, and provide practice in solving problems similar to those on the Work 
Keys assessment. 

® Targets for Learning: Applied Mathematics was developed with consideration for the 
Curriculum and Evaluation Standards for School Mathematics'. It helps learners 
become more effective problem solvers by targeting skills that have been identified in 
national standards and are measured by state proficiency tests. 

® Each section of Targets for Learning identifies the specific Ohio Math Proficiency 
Outcomes that it addresses. 

• Targets for Learning was designed to reflect the format of the ACT Work Keys System, 
which is described on pp. 5-12. 



1 Curriculum and Evaluation Standards for School Mathematics (1989) was developed through the National Council of 
Teachers of Mathematics. 
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© Targets for Learning is presented in a 3-ring binder to enhance its usefulness to 
instructors. Users may wish to — 

j/ Change the order of the lessons to meet learners’ needs and experiences 
^ Add materials from other sources 

4 / Include personal notes about the instructional strategies used to teach the 
concepts and processes involved in applied math 

Targets for Learning: Applied Mathematics includes a wide variety of information that will 
help you, as an instructor, offer learners highly effective learning experiences. Targets 
provides information and insights about the following: 

• Work Keys 

® Applied math 

® Proficiency outcomes (based on the national mathematics standards) 

® Problem solving 

• Instructional strategies 

® Using practice problems 

• Pretesting and post-testing 

• Resources for developing additional learning activities and practice problems. 

The instructional strategies and practice problems are divided by Work Keys level 
(i.e., Improving to Levels 3-7). 
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As explained earlier, the guidelines set forth in the Work Keys System form the structure 
upon which Targets for Learning: Applied Mathematics was developed. Work Keys is a 
national system for teaching and assessing workplace academic skills in secondary, 
postsecondary, and adult training programs. It was developed by American College Testing 
(ACT) to provide educators and employers with a system for measuring the skill levels of 
employees and students — who are prospective employees. In addition, the Work Keys 
System gives educators, employers, and learners a common language for understanding and 
discussing the skills and skill levels that are required to successfully perform specific jobs. 
The Work Keys System has three components: 

® Profiling uses job analysis to identify the skills and the skill levels that are needed to 
succeed in specific jobs or occupations. 



® Assessments measure the individual’s skill levels. Assessments are developed by ACT 
and administered by schools and Work Keys satellite centers. In Ohio, all vocational 
students take three Work Keys assessments at the beginning of their junior year and 
again at the end of the senior year. In addition, adults in Ohio take Work Keys 
assessments at adult vocational full-service centers, which serve as the primary Work 
Keys satellite centers. 




© 



Instructional support helps educators and trainers supplement and reinforce their 
existing curriculum and instruction to address workplace requirements more directly. 
ACT published Targets for Instruction to give educators and trainers guidelines for 
developing effective interventions for learners who need to improve their skill levels. 
Those guidelines were used by the authors of the Targets for Learning instructional 
materials. 



All of the Targets for Instruction books can be purchased through The Ohio State 
University’s Vocational Instructional Materials Laboratory, which is part of the Center on 
Education and Training for Employment. The sales office can be reached by calling 
800/848-4815 or faxing 614/292-1260. 

Additional information about Work Keys can be obtained directly from ACT at 800/553-6244. 
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ACT defines applied math as “the skill of applying mathematical reasoning and problem- 
solving techniques to work-related problems.” 2 The basic math skills needed at work are not 
different from those encountered in school. However, the problems encountered at work are 
different than problems traditionally solved in the classroom because they are not organized 
as clearly as those presented in textbooks. In the workplace, employees often need to collect 
information and determine the best way to solve problems. For this reason, learners need to 
be skilled problem solvers — in addition to being able to understand basic math skills. 

Applied math is important for all workers, not just those who handle figures directly. When 
you stop to think about it, almost every job requires the ability to solve math-related 
problems. Most of them involve one or more of the following applications: 3 

Quantify 

Workers often need to determine the number of items sold, produced, or purchased, or to 
figure totals on a per unit basis. 

Money 

Working with monetary units is a central part of business and it affects virtually every job. 
Minimally, all workers need to understand their paychecks. Work-related tasks that 
involve monetary units include figuring sales, costs, wages, and expenses. 

Time 

Work-related problems may involve figuring elapsed time or the relationship of time to 
safety, quality, production, sales, costs, distance, and area. In many of these tasks, 
workers must be familiar with conversion of time units. 

Measurement 

Workers often need to calculate distance, area, weight, and volume to solve problems. 
They also need to be familiar with conversions, as well as the appropriate degree of 
accuracy needed for different situations. 

Proportions and Percentages 

Proportions are used in many tasks that require making predictions (e.g., if X is the 
amount for 50 units, how much is needed for 150 units?). Percentages are used in the 
workplace to calculate commissions, discounts, taxes, price increases, changes in sales, 
wage changes, and profit and loss to name only a few! 

Averages 

Many records in the workplace are expressed in terms of averages (e.g., those involving 
sales records, production losses, employee turnover, wages, costs, hours worked) . These 
averages become tools in the decision-making process of the business. 



2 Targets for Instruction, Applied Mathematics, p. 16. 

3 Targets for Instruction, Applied Mathematics, pp. 17-18. 



Combined Applications 

Many math-related workplace problems combine two or more applications. For example, 
workers are often asked the following questions: 

• What quantity can be produced in a specified time ? 

• What distance can be traveled in a particular time ? 

• What is the average cost in terms of money ? 

• What is the “ best buy?” (To perform this business task, workers must make 
calculations and then compare the results in terms of relative costs and savings.) 

Work Keys measures five levels of applied math complexity , 3 through 7, with Level 3 being 
the least complex and Level 7 being the most complex. Although Level 3 is the least 
complex, it represents a level of applied math skill that is still well above having no skill at 
all. Note that these levels have no relationship to traditional school grade levels. 

The applied math levels build on each other, each one incorporating the skills of the 
preceding levels. Levels of Work Keys problems are determined by two criteria: 

• The type of mathematical operation (e.g., single step vs. multiple-step operations, 
conversions within or between systems of measurement) and 

• The form and order in which the learners are presented with information (e.g., 
information may or may not be presented in order that it is needed, extraneous 
information may or may not be included, all information needed to solve a problem 
may or may not be provided) . 

The applied math skills required of workers at each Work Keys level are listed on the 
following pages. This information was summarized from ACT’s book, Targets for Instruction 
for Applied Mathematics, which provides more detailed information about each level as well 
as examples of problems at each level. {Targets for Learning users are encouraged to read 
Targets for Instruction to gain additional insights about Work Keys and applied math.) As 
you can see from the following information about Work Keys, the skills at the lowest level 
involve using whole numbers and some decimals in basic mathematical operations. As the 
levels progress, the problems become more complex, include more extraneous information, 
and require more steps to solve. In addition, they include fractions, decimals, converting 
units, averaging, calculating volume and area, and ratios. 
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Level 3 learners can 



1. Add, subtract, multiply, and divide using 
whole numbers. For example, workers 
may need to calculate the total hours 
worked or the number of items that have 
been sold. 

2. Add and subtract using negative as well 
as positive numbers. Workplace 
problems often require that workers 
determine change and direction of 
change. 

3. Change a number from one form to 
another, using whole numbers, fractions, 
decimals, and percentages. For example, 
workplace tasks often require that 
workers change fractions to percentages, 
percentages to decimals, and minutes to 
hours. 



Characteristics of Level 3 problems 




© 



Stated simply 



® Organized in a straightforward manner 
and contain only the information needed 
to solve the problem (i.e., there is no 
extraneous information) 



• Deal primarily with quantities, money, 
time, and measurement 

• Unit conversions involve money and one- 
step time conversions 




Level 4 learners can 



1. Perform applications described in the 
previous level. 

2. Reorder information and eliminate 
extraneous information in order to solve 
a problem. 

3. Calculate single-step conversions using 
English and non-English units of 
measurement (e.g., feet to inches, 
centimeters to meters, hours to minutes) . 

4. Do one or two mathematical operations, 
such as addition, subtraction, and 
multiplication on several positive or 
negative numbers. Division of negative 
numbers is not included at this level. 
Workers must perform a logical 
sequence of steps when solving problems 
that involve two steps. 

5. Calculate averages, simple ratios, 
proportions, and rates using whole 
numbers and decimals. Workers often 
need to calculate averages of sales, 
production, wages, and costs. In 
addition, problems related to mixtures 
and rates require calculation of ratios, 
proportions, and rates. 

6. Add commonly known fractions, 
decimals, or percentages, and be able to 
add three fractions that share a common 
denominator. Many Level 4 problems 
require workers to perform these 
operations in their heads. 

7. Read a simple diagram or graph to get 
the information needed to solve a 
problem. 

Characteristics of Level 4 problems 

• May involve multiple steps 

• Include a small amount of extraneous 
information 

• Information may be presented in a 
somewhat complex format 
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Level 5 learners can 



Level 6 learners can 



1. Perform applications described in the 
previous levels. 

2. Separate the important facts from 
extraneous information. 

3. Look up formulas and use them 
appropriately to perform one-step unit 
conversions within or between systems of 
measurement. The formulas provided in 
the Work Keys System can be used to 
make conversions (e.g., pounds to 
ounces, kilograms to pounds) 

4. Calculate using mixed units. For 
example, workers often need to solve 
problems that involve calculations such 
as 5.5' + 6'11" or 9.25 hours - 2 hours 30 
minutes. 

5. Calculate perimeters and areas of basic 
shapes. Workers need to use the correct 
formula from those provided in the Work 
Keys System to find the perimeter and/or 
area of circles, rectangles, and triangles. 

6. Calculate percentage discounts or 
markups, or complete a balance sheet or 
order form. Level 4 problems require 
workers to make these types of multi-step 
calculations. 

7. Calculate the “best buy” using one- or 
two-step calculations to compare two 
costs. To do this, workers need to select 
the information that is needed to make 
the calculations, perform the calculations, 
and then compare the results of those 
calculations. 

Characteristics of Level 5 problems 

• Often involve money, quantity, and time 
applications 

• Often combine quantity and time 
applications in rate problems 

• Include more extraneous and more 
complex information than at previous 
levels, which results in operations and 
solutions that are less obvious 




1. Perform applications described in the 
previous levels. 

2. Solve complicated, multiple-step problems 
that may require manipulation of the 
original information. To solve Level 6 
problems, workers may need to reorder 
information, eliminate extraneous 
information, and perform several-step 
conversions. 

3. Calculate using negative numbers, fractions, 
ratios, percentages, and mixed numbers. 
Workers often need to multiply and divide 
fractions with unlike denominators and find 
reverse percentages. In addition, ratios may 
involve conversion of units within one system 
(e.g., 1 quart = 32 ounces). 

4. Calculate multiple rates and then compare 
the rates or use them to perform other 
calculations. Level 6 workers often need to 
solve problems that involve production 
rates and pricing strategies. These 
problems might also involve conversions. 

5. Find the areas of rectangles and volumes of 
rectangular solids. This type of workplace 
problem often requires workers to 
transpose a formula before making 
calculations or to use two formulas to 
change from one unit to another unit within 
the same system of measurement. 

6. Calculate multiple-step problems to 
determine the “best buy” and use the result 
in another problem. 

7. Find mistakes in calculations. (This is a skill 
required in workplace troubleshooting.) For 
example, Level 6 workers should be able to 
locate mistakes in Level 3-5 problems. 

Characteristics of Level 6 problems 

• Involve tasks that are more complex in the 
number of calculations required and in the 
wording and organization of the problems 

• Typically involve proportions, percentages, 
and averages 

• Require the application of measurements to 
solve problems that involve conversions 

15 






Level 7 learners can 



1. Perform applications described in the 
previous levels. 

2. Do four or more steps of reasoning and 
multiple calculations. 

3. Solve problems involving more than one 
unknown and/or nonlinear functions. 
For example, Level 7 workers may need 
to combine rates or mixtures. 



4. 



5. 




6 . 



Calculate the percentage of change. 

Level 7 workers often need to find the 
percentage of change in quantities (e.g., 
sales, inventory), measurement (e.g., 
temperature), and money (e.g., prices). 

Calculate multiple areas and volumes of 
spheres, cylinders, and cones. Level 7 
workers need to calculate areas and 
volumes of irregular shapes, which can 
be determined by breaking them down 
into regular shapes. 

Set up and manipulate complex ratios and 
proportions. They may contain mixed 
units that require conversions. 



7. Determine the best economic value of 
several alternatives. This often involves 
the use of graphics or finding a percent- 
age difference or a unit cost. 

8. Find mistakes in multiple-step calcula- 
tions. (This is a skill required in 
workplace troubleshooting.) For 
example, Level 7 workers should be able 
to locate mistakes in Level 3-6 problems. 



When it comes to helping learners 
improve their skills with applied 
math, the most successful 
instructors are those who 
understand the differences 
between problems at different 
levels and help their learners to 
do the same. When they 
understand how problems are 
leveled, learners and instructors 
experience the following benefits: 

• Learners can compare their 
own problem-solving skills with 
those specified, which helps 
them set goals and assess their 
own accomplishments. 

• Instructors can modify existing 
materials to fit into the Work 
Keys leveling system. 



Characteristics of Level 7 problems 

* Include information that is complex, 
unclearly organized, and may be 
incomplete 

® Require many steps of reasoning 
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Work Keys Leveling System 



The following chart summarizes the characteristics of Work Keys applied math 
problem levels. 



| Summary ol Work Keys Applied Math Levels 4 


Characteristics of 
applied math problems 


Level 3 


Level 4 


Level 5 


Level 6 


Level 7 


Amount of extraneous 
information 


none 


none 


moderate 


moderate 
to high 


high 


Complexity (e.g., 
wording, organization) 


not 

complex 


slightly 

complex 


moderately 

complex 


moderately 
to extremely 
complex 


extremely 

complex 


Principles of math 
that workers are 
required to apply 


basic 


basic to 
moderate 


moderate 


moderate to 
difficult 


difficult 


Number of steps 
involved in solving 
the problem 


one 


one or 
two 


several 


several 


four or 
more 


The problem requires 
learners to translate a 
verbal description to a 
mathematical problem 


minimal 


more than 
Level 3 


more than 
Level 4 


more than 
Level 5 


considerable 


Formulas are 
required to solve 
the problem 


no 


no 


yes 


yes 


yes 


Evaluations or 
comparisons of 
solutions are required 
(e.g., determine the 
“best buy”) 


no 


no 


yes 


yes 


yes 



Now that you understand more about Work Keys and applied math, let’s move on to see how you 
might teach others about solving math-related problems that are encountered in the workplace. 



4 Adapted from a chart developed by ACT (original source unknown). 
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Most instructors would agree that the primary purpose of education is to help learners 
succeed at work, at home, and in their community. And few would argue against the need to 
be effective in applying mathematical reasoning and problem-solving strategies to work- 
related problems in order to succeed at work and in other areas of life. In fact, the 
Secretary’s Commission on Achieving Necessary Skills (SCANS) found that effective 
workers need to productively use all of the following: 

® Resources (e.g., allocating time, money, materials, space, and staff) 

® Interpersonal skills (e.g., working in teams, teaching others, serving 
customers, leading, negotiating, and working well with people from culturally diverse 
backgrounds) 

• Information (e.g., acquiring and evaluating data, organizing and maintaining fdes, 
interpreting and communicating, and using computers to process information) Systems 
(e.g., understanding social, organizational, and technological systems; monitoring and 
correcting performance; designing or improving systems) 

® Technology (e.g., selecting equipment and tools, applying technology to specific tasks, 
maintaining and troubleshooting equipment) 

In addition, SCANS identifies a three-part foundation of skills and personal qualities needed 
for solid job performance — 

® Basic skills (reading, writing, math, speaking, and listening) 

® Thinking skills (thinking creatively, making decisions, solving problems, and knowing 
how to learn) 

• Personal qualities (individual responsibility, self-esteem, sociability, 
self-management, and integrity) 

In addition, there is a great deal of overlap between the SCANS competencies, the national 
mathematics standards, and the Ohio mathematics proficiency outcomes. (Refer to 
Appendix D, pp. 339-344 for a list of ninth-grade and twelfth-grade proficiency outcomes.) 

When you stop to think about it, by helping learners solve math-related problems in the 
workplace, instructors are helping them develop and practice many of the skills identified in 
the SCANS report, national mathematics standards, and state proficiency outcomes. In other 
words, by helping learners become more effective at solving mathematical problems 
in the workplace, instructors are helping them develop the skills needed to become 
more productive workers. 



What Can S Do to Help Learners Improve In Applied lath? 



Remember that applied math is all about solving math-related problems in the workplace. 
Problem-solving strategies are critical to any instruction aimed at improving all levels of 
applied math skills. By using the materials provided in Targets for Learning, you are 
providing learners with opportunities to develop their applied math skills. 



The ideas listed below should help you to provide learners with additional opportunities for 
improving in applied math: 

• Encourage learners to enhance their basic problem-solving skills. For example: 

✓ Many commercial games require players to use problem-solving skills, including 
deductive reasoning, categorizing, and/or calculating. Some games are listed 
below to help you get started. Several games on the list may not be available 
from local retailers. However, suppliers of instructional math materials, such 
as William Sheridan & Associates, which is listed in the Supplier section of 
Appendix B, pp. 323-324, should carry them. 



Abalone® 

Backgammon 

Battleship® 

Checkers 

Chess 

Chinese Checkers 
Connect Four® 
Game 24® 5 



Mastermind® 

Mancala 

Othello® 

Quarto® 

Sequence® 

Shape by Shape® 

Tangoes® 

TriOminoes® 



✓ Start several classes a week with a “ brain teaser.” Refer to books such as Games 
for the Superintendent, More Games for the Superintendent, Favorite Problems, and 
Super Problems or game card packs such as Mind Trap® 6 and Visual Brain 
Storms® 7 for ready-to-use activities. (Information about the books is provided in 
Appendix B.) 

✓ Start several classes a week with a math energizer like the one below. 8 

1. Pick a number from 1 to 9. 

2. Subtract 5. 

3. Multiply by 3. 

4. Square the number (or multiply the number by the same number). 

5. Add the digits until you have only one (e.g., 64 = 6 + 4 = 10 = 1 + 0=1). 

5 The object is to arrive at the answer of 24 by adding, subtracting, multiplying, or dividing. Sold by Suntex International, 
this math game has several versions, including single digits, double digits, exponents, fractions, and decimals. Appropriate 
for classroom use. 

6 Developed for teams, this game includes 500 classic puzzles, conundrums, murder mysteries, and trick questions. 

7 Visual Brain Storms: The Smart Thinking Game® and Visual Brain Storms 2® are distributed by Binary Arts Corporation. 

8 This problem was taken from the Internet (original source unknown). 1 _ 



6. If the number is less than 5, add 5. If it is more than 5, subtract 4. 

7. Multiply by 2 

8. Subtract 6 

9. Map the digit into a letter in the alphabet (i.e., 1 = A, 2 = B, etc.) 

10. Pick a name of a country that begins with that letter. 

11. Take the second letter in the country name and think of a mammal that begins 
with that letter. 

12. Think of the color of that mammal. 

13. Now share the color, name of the mammal, and country it is from with your 
neighbor. 

14. What did you discover? Can you explain what happened? 

(Solution: Each learner will have the same answer — an elephant from Denmark.) 



• Have learners perform hands-on activities through which they solve applied math 
problems. Note that these activities may require learners to work with one another — in 
the same way that they would in the workplace. Examples include the following: 

✓ Have learners calculate the area of classroom walls or floors to determine the 
amount carpeting or wallpaper that would be needed to cover the surface. Then 
have them determine the quantity of materials that should be purchased to 
complete the job. The activity can be made more complex by having them 
determine time and cost factors, and calculating the cost per unit. 

✓ Have learners design and build something from wood and nails (e.g., a bat 
house). In addition to calculating dimensions, they should determine the amount 
of materials needed and calculate construction costs. 

»/ Have learners operate a store. They should order materials, keep track of 
inventory, and calculate costs. 

✓ Have learners prepare and distribute a meal for the class. (Chili or soup would be 
a good choice.) Learners should determine quantities of ingredients needed to 
prepare each dish, calculate the amount of tableware needed, and figure out the 
per-person cost of the meal. 



o Have teams of learners participate in problem-based learning (PBL) activities. 
PBL gives learners of all Work Keys levels opportunities to apply mathematical principles 
to real-world problems. When solving this type of problem, learners are experiencing 
the types of problems they will encounter in the workplace. For example, they need to 
figure out what information, materials, and tools they need. In addition, learners need 
to communicate with others, both during the problem-solving process and when 
presenting the final information to a “customer” or a “supervisor.” Note that your role 
as an instructor is to facilitate learning — not to tell learners what to do and how to do 
it. (Refer to pp. 32-33 for suggestions about being a resource for learners, leading 
discussions, and asking open-ended questions.) 

PBL activities can also help instructors by providing an effective way to assess a 
learner’s ability to apply mathematical principles to real-life situations. For example, an 
instructor may challenge a group of learners to solve a real-life problem. The instructor 
might then make and note observations during the problem-solving process and/ or may 
use a rubric to evaluate learner’s skills at mathematical problem solving. The problems 
and rubric provided in Appendix C may be used for this type of evaluation. 

The information provided in Appendix C, pp. 327-338, was written by a team of high 
school math teachers. As you can see, they span a wide range of real-life application. 
Feel free to use them with learners in your classes. You may also want to use them to 
get ideas for developing your own problems. 
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Gender Equity: What Can I Do? 



There’s another aspect of teaching and training that instructors need to consider when 
planning to help learners develop skills related to applied math. Often overlooked in math, 
science, and technology instruction, addressing gender equity provides learning 
opportunities that will help all learners succeed. When it comes to applied math, 
many females do not have the same types of experiences, both in and out of school, as 
males. As a result, males and females have traditionally received differing qualities of 
education — even when they study in the same classroom. Perhaps you are skeptical about 
this fact — especially if you are male. Please don’t stop reading; there are some simple things 
that you can do to check it out for yourself. 

Researchers 9 have found the following inequities in the way teachers interact with male and 
female students: 

• At all levels of education, female learners receive less teacher attention and less 
useful teacher feedback. 

✓ Teachers call on female learners less often than they call on male learners. 

✓ Teachers ask probing and higher-order thinking questions of female learners less 
often than they do of male learners. 

✓ Teachers often instruct male learners on how to perform tasks but tend to do 
tasks for female learners. 

✓ Teachers tend to give female learners less feedback (e.g., praise, criticism) than 
they give male learners. 

• In class, female learners talk significantly less than males learners do. 

✓ In elementary and secondary school, female learners are eight times less likely to 
call out comments. When they do, they are often reminded to raise their hands, 
while similar behavior by boys is accepted. 

✓ Female learners are less likely to raise their hands, because, at some level, they 
are aware that males get called on more. In addition, they may take longer than 
males to think about their responses before raising their hands, and they may lack 
confidence in their ability to answer correctly. 

• When working in coed pairs, males tend to dominate in math, science, and 
technology-related activities, resulting in fewer opportunities for females to experience 
hands-on learning in these curriculum areas. 



Comprehensive research on the topic of gender equity has been done by Myra and David Sadker. Their findings are 
published in Failing at Fairness: How America s Schools Cheat Girls (1994). 
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• Female learners rarely see mention of the contributions of women in the 
curriculum. Most textbooks continue to present a male-dominated view of the world. 
For example, textbook illustrations often depict males performing activities while 
females passively watch and support them. 

• Females experience pressure from their friends to not do well in science, math, 
and technology-related classes; they may be teased for being “nerdy” or unfeminine if 
they perform well. 

This subconscious inequity has far-reaching consequences. There are clear connections 
between inequity in instruction and females’ avoidance of math. Because females have had 
fewer opportunities to develop their mathematical skills they may be less confident in their 
abilities to do math. Therefore, females are often less prepared for, and less likely to choose 
courses in math, science, and technology. In addition, the research clearly indicates that 
those females who do take upper-level math and science courses are also treated very 
differently than their male classmates; many stop taking them. Taking fewer math and 
science courses has resulted in fewer high-paying occupational options for female 
workers. 

What can an instructor do to provide both female and male learners with equal chances to 
succeed in applied math? Here are some ideas, which are based on the research that was 
summarized on the previous page. 

1. The most important thing that you can do, as a male or female instructor, is to be 
aware of your subconscious bias and to accept that virtually everyone has been 
socialized to have that bias. (If you don’t believe that you treat male and female 
learners differently, ask a colleague to observe you in the classroom or make a 
videotape of your teaching or training to determine whether or not you provide female 
learners with less attention and different expectations than you do male learners.) 

2 . Show female learners that you have confidence in their abilities to do math 
and science. Be sure to ask them challenging questions and then give them the 
encouragement and support they need to find the answers. 

3. Make a conscious effort to provide female and male learners with equal amounts 
of attention. Because providing different amounts of attention to male and female 
learners involves subconscious habits, it is helpful to bring instructor actions to the 
conscious level. For example, to make sure that they call on both genders equally, 
some instructors take beginning steps to change that habit by keeping a tally sheet of 
how many questions they direct to males and females. 
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4. Create an atmosphere that fosters female learners’ participation. Females are 
generally less confident than males about speaking about math, science, and technology 
in public; you can encourage females to express themselves by making small changes 
in your own behavior. For example, when asking questions in coed settings, make a 
conscious effort to wait 5-10 seconds before calling on anyone. You’ll be surprised at 
the number of timid hands that go up in those few seconds. Or, if only V 3 of the 
learners raise their hands after you ask a question, you might want to say, “Think about 
it and talk with the person sitting next to you. I’ll ask again in a few minutes.” 

5. Pay attention to group dynamics. Who speaks? How often, for how long, and in 
what order? Who interrupts whom? Since females tend to speak less often and for 
shorter periods of time, be sure to acknowledge their contributions. 

6. Don’t “teach down” to any learner. Expect equally high performance from males 
and females, as well as from people of all races and national origins. 

7. Provide female learners with additional instruction or practice, when needed. 

For example, most females and some males do not have hands-on experience using 
tools. When providing instruction that incorporates specific tools and equipment (e.g., 
gauges, multi-meters), instructors should give the learners who lack this experience 
with direction concerning their use. By doing this, instructors will be allowing all 
learners to succeed — regardless of their earlier experiences. 

8. Use a collaborative, cooperative approach to activities rather than a competitive 
one. Females are generally socialized to solve problems collaboratively while males 
are taught to compete with other individuals. By providing learners with some 
opportunities to work together when solving problems, instructors are allowing 
females to use skills that they are strong in and are helping males to develop skills 
needed to collaborate effectively. 

9. Use interactive learning methods. Ask learners to do some of their work in small 
groups. Females tend to be more effective when they can share their ideas with other. 

10. To prevent males from dominating activities in which they tend to have more skill and 
experience, pair females with females and males with males some of the time. 

11. Foster females’ independence. Hold them accountable when they engage in 
“learned helpless” behavior. When they say, “I can’t do it” before exerting their normal 
level of effort, find ways to re-engage them in the activity. Show faith in their abilities 
to do things for themselves. 



12. In addition to the actions suggested above, do what you can to increase female 
learners’ confidence in their abilities to succeed in math-related activities. By 
providing an instructional environment that is challenging and supportive, and by 
showing females that you believe they can succeed, instructors can help females be 
more confident learners in the areas of math, science, and technology. In addition, 
instructors can bolster learners’ confidence by helping them to have successful 
experiences solving work-related math problems. 

13. Review the research findings that were listed at the beginning of this section. Use the 
space below to write additional ways in which you might help all learners succeed with 
Targets for Learning activities and problems. 
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Where Do I Begin? 



/ 



So you’ve decided to use Targets for Learning as a resource for helping learners develop 
and/or practice problem-solving skills with math. Next, you wonder, ‘"Where do I begin?” 
You should begin by laying the groundwork. Unfortunately, deciding how to do this is not 
always easy. Everyone using this book has a unique blend of experience, ideas, resources, 
learners, and needs. Therefore, instructors who piloted these materials developed a list of 
different ideas about how you might lay the groundwork for using Targets. 

1. Show learners that you have confidence in their abilities to solve applied math 
problems — and that they should, too. This may involve dispelling untrue thoughts and 
overgeneralizations that some learners have about themselves and others, including 
the following: 

‘‘Only smart people are good at math.” 

“I’m too dumb to learn this stuff.” 

“Girls can’t do math.” 

In addition, confidence can be built when learners have a lot of successful practice with 
problem-based word problems. This is why it is important to have learners work on 
learning activities and practice problems that are designated for the appropriate Work 
Keys level. 

2. Learn about Work Keys applied math skill levels. By teaching yourself about the 
levels of skills required to solve increasingly complex problems in the workplace, you 
will gain insights into how to help learners gain those skills. In addition, your knowledge 
of the Work Keys levels will allow you to adapt existing materials to the Work Keys 
format. (Refer to pp. 5-12 for additional information about Work Keys and the Work 
Keys skill levels.) 

3. If learners are not skilled at taking multiple-choice tests that involve word problems, 
teach them test-taking strategies. It is important that learners’ test scores reflect 
what they know. If learners are not effective test takers, they will score below their 
actual applied math levels. (Refer to the Assessment section, pp. 35-40, for additional 
information.) 

4. Determine each learner’s current applied math skill level with a pretest. 

(Refer to the Assessment section, pp. 35-36, for detailed information.) After the pretest 
is scored, learners can identify their own applied math level by using the Learner’s 
Test Score Summary Sheet. Instructors can record learners’ pretest scores on the 
Applied Math Summary Sheet. (Blank sheets are provided in Appendix E, pp. 367-368.) 



5. Decide how you will group learners and at what skill level(s) you will begin 
instruction. When making your decisions, consider the learners’ pretest results, your 
ability to instruct more than one group at a time, and the availability of colleagues, 
aides, or volunteers, Some options follow. 

• Work with one level-based, group at a time. For example, begin by working with 
learners who scored at Below Level 3 — helping them to improve to Level 3. Once 
they have increased their skill levels, work with all learners who originally 
pretested at Below Level 3 and those who scored at Level 3 — helping them 
improve to Level 4. As they improve their skills at problem solving with math, 
group them with the learners who scored at Level 4 — helping them improve to 
Level 5. Continue the process until all learners are solving Level 7 problems. 

• Work with two level-based groups at the same time. For example, work learners 
who scored at below Level 3 learners in one group — helping them improve to 
Level 3 and work with learners who scored at Level 5 in another group — helping 
them improve to Level 6. Once the below Level 3 learners have raised their skill 
levels, group them with the learners who scored at Level 4 and give them 
opportunities to solve moderately difficult mathematical problems at Level 5. 

Once learners who scored at Level 5 have raised their skill levels, group them 
with the learners who scored at Level 6 and give them opportunities to solve the 
more complex Level 7 problems. 

• Work with two multi-level groups at the same time. For example, combine in one 
group the learners who scored at below Level 3 with those who scored at Level 3. 
In addition, combine learners who scored at Levels 4 and 5 in another group. 
Learners who scored at Level 6 can be assigned projects similar to those 
described in Appendix C, pp. 327-338. 

• Work with all learners at the same time, starting by providing Level 3 instruction to 
all learners. Continue instruction — moving toward Improving to Level 7 activities 
and problems. When doing this, have learners work together in a variety of 
groupings. Additional information about dividing learners into groups is included 
on p. 27 of this section. (Note: Because many learners are not working at their 
skill level, this is the least effective way to provide instruction in applied math.) 

6. Compare your existing curriculum with the math skills, which are identified in 
the Work Keys section, pp. 9-12, and the proficiency outcomes, which are listed in 
Appendix D, pp. 339-344. Look for gaps in content (e.g., identify mathematical 
principles that you are not teaching, but should be teaching). 

7. Read through the Targets for Learning strategies and problems at the level (s) you have 
chosen. (See number 5 in this list.) Select one or more skills to begin with. For 
example, Improving to Level 3 learners will convert units of measurement, time, and 
money; Improving to Level 4 learners will calculate averages, ratios, and proportions 
using whole numbers and decimals. 
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8 . Look in Targets for Learning to find the instructional activities and problems 
related to the skill(s) you’ve chosen. Familiarize yourself with the content and 
workplace applications involved in the activities and problems. 

It is important to understand that using practice problems like those in Targets for 
Learning is not enough to prepare learners to solve math-related workplace problems. 
After all, people learn better by doing than they do through paper-and-pencil exercises. 
Consequently, to ensure that learners gain the mathematical skills needed to solve 
problems encountered in the workplace — and that they can use those skills to solve 
authentic problems — instructors need to provide learners with hands-on learning 
experiences. In many cases, it is most effective if hands-on learning activities are 
conducted before learners solve the problems in Targets for Learning. 

9. As you plan instruction, choose instructional strategies that will help learners 
develop effective problem-solving skills. The following general information will 
guide you in planning instruction for learners at all levels. In addition, suggestions for 
level-specific instructional strategies are listed at the beginning of each section of 
Targets for Learning problems. 

• Strengthen each learner’s core math skills. Nobody can solve applied math 
problems until they can perform basic mathematical calculations. 

• Relate new materials and concepts to skills that learners have already mastered. 

• Model problem-solving strategies — explain your rationale for making decisions 
while solving problems. 

• Provide frequent and varied hands-on practice, in an atmosphere that fosters 
curiosity. 

• Use the strategy of fading— gradually withdrawing instructor support to 
encourage learner independence. 

• Use the strategy of coaching — asking specific questions and making suggestions 
to guide the development of learners’ skills. 

• Provide opportunities for learners to work cooperatively, e.g., to work individual- 
ly but share ideas with classmates, to work in assigned pairs, and to work in 
assigned groups of 3-4 learners. 

• Encourage learners to make interdisciplinary connections. There are no 
subject-area lines drawn in workplace tasks; therefore, instructors should provide 
learning opportunities that are authentically integrated. For example, you will 
note that many of the problem-based learning activities in Appendix C involve 
principles of math, physics, and communications. They require skills in all three 
areas to be used in order to solve the problem accurately and effectively. 

• Provide opportunities for learner self-evaluation. When learners analyze why 
they were wrong (or right), they learn from their errors (and their successes). 

• When appropriate, begin with concrete learning activities and move toward 
the abstract; begin with familiar activities and move toward the unfamiliar. 



• When appropriate, begin with problems in local settings and move toward 
global settings. 

• Be sure that learners either demonstrate their competency at each Work Keys 
level or are remediated. The applied math skills build on each other — level by 
level. Learners will not be able to succeed at one level until they posses the 
prerequisite skills of the previous level. 

10. When working with the problems included in Targets for Learning, consider the 
following suggestions for structuring the instructional environment: 

• Have learners solve problems individually, then come together as a group to 
discuss them. Discussions should focus on multiple methods of solution, clarity of 
work and expression, and understanding any errors that were made. As a class, 
look at the common errors, expression, and multiple methods of solution. 

• After a problem-solving paper is collected, copy several learner solutions (omitting 
names) on an overhead transparency or handout. As a class, critique the process 
used to find a solution, focusing on how understandable and clear each sample is. 



NOTE: Be aware that this instructional strategy may be counterproductive in 
some cases because some learners may be sensitive to having their work critiqued 
by others. If doing class critiques, it is important to set ground rules for providing 
objective feedback in a way that is sensitive to the feelings of others. You may also 
wish to ask for permission to use individuals’ work for a class activity. 



• Give learners a problem that is done incorrectly and have them find mistakes, 
correct the problem, then explain why the problem can’t be done that way. 

• Have learners write a paragraph to explain how a problem was solved. 

• Have learners work in pairs. Have each learner write a paragraph explaining how 
the other person solved the problem. 

• If you have developed a simple rubric for evaluating problem solving activities, 
distribute and explain it to learners. This will help them understand what is 
expected of them in the problem-solving process. (A sample rubric is provided in 
Appendix C.) 

• When working on a multiple-step problem, have one learner do the first step, then 
pass their work on to the next person. The next learner builds on the work of the 
previous person to continue the next step, then passes it on to the third, etc. 

• When asking learners to work in small groups, hold each learner accountable for 
explaining how the solutions to problems were determined. Explain that each of 
them should be prepared to explain how a given problem can be solved. By 
checking with different learners in the group at different times, you can ensure 
that each learner understands how to solve the problems. For example, you can 
walk around the room while learners work in groups and determine which 
learners are weakest. Then, during group discussions, call on those learners. (If 



the weaker learners understand how to solve the problems, you can be fairly 
certain the rest of the group members also understand.) In addition, hold the 
entire team accountable for each member’s ability to explain solutions. Thus, 
more skilled members will be less likely to leave weaker learners behind in the 
group learning process. Dividing learners into groups requires some thought 
and planning. 

Depending on your goals, the activity, and your learners, it may be appropriate to 
assign learners to work in pairs or small groups based on the following 
characteristics: 



Learner Group 


Example 


Similar-ability groups 


Level 4 learners work together 


Mixed-ability groups 


Level 3, 4, and 5 learners work together 


Same-gender groups 


Females work together, males work together 


Mixed-gender groups 


Males and females work together 


Similar-motivational groups 


Highly motivated learners work together; 
less-motivated learners work together 


Mixed-motivational groups 


Highly motivated learners work with 
less-motivated learners 



It is important to use different groupings for different learning activities; do not 
have the same learners work together all of the time. After all, successful 
workplace problem solving involves working on a variety of problems with 
different people. 

11. Decide how to organize the teaching- learning process. For some instructors, it 
may be appropriate to keep “business as usual.” For others, applied math instruction 
might be an opportunity to make some changes — to organize learners in teams, to 
solicit input from learners, to ask questions instead of giving answers, etc. 

Now that you’ve considered how to lay the groundwork, read on for specific suggestions on 
structuring learning activities using Targets for Learning. 



